The direct fluorination reaction of the functionalized adamantanes was achieved by using BrF 3 . In the reaction with methyl adamantane-1-caroxylate 1 and dimethyl adamantane-1,3-dicarboxylate 3, three and two fluorine atoms, respectively, were introduced selectively to their tert-carbons. On the other hand, in the reactions with 1-acetoxymethyladamantane 5, and 2-adamantanone 9, not only the expected fluorination of their tert-carbons, but also unexpected reactions such as fluorination of carbonyl functionality occurred.
Introduction
Adamantane is a simple cage compound consisting of four tert-carbons and six sec-carbon atoms. Bioactive derivatives of adamantane are known, and 1-aminoadamantane (amantadine) and 1-amino-3,5-dimethyladamantane (memantine) have medicinal uses [1] . Introduction of fluorine atoms in bioactive compounds can enhance their activities and reduce undesirable side-effects. Therefore, the synthesis of fluorinated adamantane derivatives has received significant attention [2] . Recently, we reported the direct fluorination of adamantanes by an electrochemical method [3] . One to three fluorine atoms can be introduced selectively on the tert-carbons of the adamantanes by controlling the conditions, and functional groups such as ester or cyano groups could survive under the conditions. However, a drawback is that special equipment is required for the electrochemical reaction. Therefore, we also studied the fluorination of adamantanes by non-electrochemical methods, and succeeded in the fluorination of adamantanes with IF 5 , without the special equipment needed for electrolysis [4] . However, owing to the inherent reactivity of IF 5 , only one or two fluorine atoms could be introduced. Moreover, when electron-withdrawing groups were attached on the substrate, fewer (or no) fluorine atoms could be introduced. For example, 1-cyanoadamantane and dimethyl adamantane-1,3-dicarboxylate were inert to IF 5 , and only one fluorine atom could be introduced to methyl adamantane-1-carboxylate. For the introduction of more fluorine atoms to adamantane derivatives with low reactivity, a more reactive fluorination reagent than IF 5 is required [5] . Herein, we report the direct fluorination of adamantanes using BrF 3 [6], which is more reactive than IF 5 [8] .
Results and discussion
Initially, the reaction of methyl adamantane-1-carboxylate 1 with BrF 3 was performed.
The reaction proceeded even at -78 °C, and three fluorine atoms were introduced to its tert-carbons (Entry 1 in Table 1 ). The best result was obtained by performing the reaction using 4 eq of BrF 3 at 0 °C for 3 h, and methyl Table 2 ).
Unexpected reactions also occurred during the fluorination reaction using BrF 3 . When 1-acetoxymethyladamantane 5 was reacted with BrF 3 at -78 °C for 0.5 h, two fluorine atoms were selectively introduced and 1-acetoxymethyl-3,5-difluoroadamantane 6 was obtained in 94 % yield (Entry 3). On the other hand, when the reaction was carried out at 0 °C for 6 h, three fluorine atoms were introduced and 1-acetoxymethyl-3,5,7-trifluoroadamantane 7 was obtained in 62 % yield (Entry 4).
However, unexpectedly, 1-((1,1-difluoroethoxy)methyl)-3,5,7-trifluoroadamantane 8
was also formed in 14 % yield. Under these conditions, the fluorination of the carbonyl group also occurred [9] . In the reaction with 2-adamantanone 9, a mixture of tetrafluorinated compounds 10 and 11 was obtained (Entry 5). Rearrangement of the carbonyl group occurred in addition to the fluorination of the carbonyl group and tert-carbons [11] (Scheme 1).
Scheme 1. Plausible mechanism for the formation of 10 and 11
These unexpected reactions were due to the high reactivity of BrF 3 , and were not observed in the case of IF 5 . 
Conclusion
Various functionalized adamantanes were reacted with 
Experimental

General
The melting points were measured with a Yanagimoto micro melting-point apparatus.
The IR spectra were recorded using a JASCO FT/IR-410. 
